Plants have evolved intricate defence mechanisms to cope with the wide array of microbial pathogens they encounter. The identification of Sgt1 as an essential component of R gene-mediated disease resistance suggests that the ubiquitin protein degradation pathway plays an important role in plant defence.
Plant disease resistance is mediated by specific interactions between pathogen avirulence (avr) and plant disease resistance (R) genes [6] . Loss of either avr or R gene function confers disease susceptibility. The major class of R genes encode cyctoplasmic proteins resembling the Nod proteins associated with animal immunity. These plant proteins have a central nucleotide-binding site and carboxy-terminal leucinerich repeats (NB-LRR). They can be subdivided based on their amino-terminal structure, with some containing a TIR domain similar to human Toll-like receptors, and others having a coiled-coil motif (CC).
The plant's repertoire of R gene products act as a surveillance system, which when pathogens are encountered triggers disease resistance responses including ion channel fluxes, localized programmed cell death (the 'hypersensitive response') and an oxidative burst producing reactive oxygen intermediates. The signaling mechanisms linking these responses to R proteins are largely undefined, but several genes have been identified in recent years that are believed to function downstream of pathogen recognition. EDS1 and PAD4 encode lipase-like proteins required for disease resistance mediated by TIR domain R proteins, while NDR1 encodes a predicted membrane protein involved in signaling by CC domain R proteins [7] . The distinct requirements for different sets of downstream gene products suggest that there are at least two pathways triggered by R genes.
The barley RAR1 gene is required for resistance to the powdery mildew fungus mediated by multiple R gene products, including Mla6 and Mla12 [8] . The isolation of the F box protein(s) involved in defence response and the identification of their targets -which one would predict to be repressors of disease resistance pathways -will be a giant step forward in our understanding of R protein signaling. Perhaps the take-home lesson from this most recent discovery is that, with over 600 F box proteins and nearly that many more predicted RING finger and U box ubiquitin ligases encoded in the Arabidopsis genome [14] , we should probably not be too surprised that the ubiquitin conjugation pathway regulates disease resistance or any other signaling pathway in plants. Future analysis may well reveal that ubiquitylation plays as important and general a role as phosphorylation and transcriptional control in plant cell signaling.
